Characteristics of horizontal smooth pursuit eye movements to sinusoidal stimulation in children of primary school age  by Accardo, A.P. et al.
Pergamon 0042-6989(94)00145-6 
Vision Res. Vol. 35, No. 4, pp. 539-548, 1995 
Copyright © 1995 Elsevier Science Ltd 
Printed in Great Britain. All rights reserved 
0042-6989/95 $9.50 + 0.00 
Characteristics of Horizontal Smooth Pursuit 
Eye Movements to Sinusoidal Stimulation in 
Children of Primary School Age 
A. P. ACCARDO,* S. PENSIERO,t:~ S. DA POZZO,:~ P. PERISSUTTI:~ 
Received 25 October 1993; in revised form 2 February 1994; in final form I0 May 1994 
Previous research about the maturation of the smooth pursuit system has been carried out in newborns 
and in human infants in the first months of life. A lower gain was found with respect to adults (where 
gain is close to 1), with frequent saccadic intrusions. On the contrary, no data are available about 
smooth pursuit response in children. To fill this gap, we analyse in this study the level of maturation 
reached by children over 7 yr old (the minimum age in which a correct test can be done). Using a 
cosinusoidal stimulation, the smooth pursuit characteristics (velocity and position gains and phases) 
evaluated in children are compared to the corresponding parameters in adults. Our data show a clear 
difference between the two groups, in particular for velocity gain values (which are lower in children), 
and a larger variability in children. Since the influence of fatigue and prediction appears to be small, 
we conclude that these differences can be justified both by high level psychological or cognitive factors 
and incomplete maturation of smooth pursuit system in children. 
Smooth pursuit Normal children Eye movements. 
INTRODUCTION 
The smooth pursuit system (SPS) gives the capability 
of keeping the image of a moving target on the fovea. 
This oculomotor sub-system has been extensively studied 
in newborns and human infants (Krementizer, Vaughan, 
Kurtzberg & Dowling, 1979; Aslin, 1981; Roucoux, 
Culee & Roucoux, 1983; Shea & Aslin, 1984, 1990; 
Finocchio, Ong, Jensen & Fuchs, 1993) and adults 
(Baloh, Kumley, Sills, Honrubia & Konrad, 1976; 
Sharpe & Sylvester, 1978; Winterson & Steinman, 1978; 
Lisberger, Evinger, Johanson & Fuchs, 1981; Collewijn 
& Tamminga, 1984; Meyer, Lasker & Robinson, 1985; 
Baloh, Yee, Honrubia & Jacobson, 1988; Minzhong, 
Lezheng & Dezheng, 1990; Leigh & Zee, 1991), while 
little research as been directed to the evaluation of the 
main SPS characteristics in children, especially those of 
primary school age (Kowler & Martins, 1982). 
Usually, smooth pursuit (SP) characteristics are 
evaluated from the eye response obtained by having a 
subject track a small target moving in a sinusoidal, 
predictable way, although constant velocity (ramps or 
saw-tooth waveforms) or pseudo-random stimulation 
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shapes can also be used. Conventionally, the SPS 
response to sinusoidal stimulation can be described by 
means of a few characteristics. The most important 
of them are SP phase and gain (peak eye velocity/peak 
target velocity) and overall phase and gain (peak eye 
position/peak target position). The former are useful in 
the evaluation of SPS response, while the latter describe 
the interaction between SPS and saccadic system (SS). 
Generally, the SP gain values in adults are close to 1 
and the phase lag is virtually absent (i.e. phase shift is 
small) for stimuli (sinusoidal or not) reaching peak 
velocity of 30 deg/sec (Shupert & Fuchs, 1988). Using 
constant velocity tests above this value, as the peak 
velocity increases SP gain decreases, keeping high values 
(0.87) for velocities up to about 100deg/sec (Meyer 
et al., 1985). 
When sinusoidal stimulation below 0.8 Hz is used, 
the target predictability and repeatability allow the sub- 
ject to recover the phase lag in a very short time; as the 
stimulation frequency increases, or more exactly as the 
target acceleration increases, the velocity gain pro- 
gressively decreases, with a corresponding increment of 
phase lag. For accelerations smaller than 1000 deg/sec 2 
(Lisberger et al., 1981) or 400deg/sec 2 (Baloh et al., 
1988; Morrow & Sharpe, 1990), the velocity gains are 
normally larger than 0.7. 
This insufficient smooth tracking is interrupted by 
compensatory saccades, but when the overall gain is 
considered, a similar trend can be noted with a slower 
539 
540 A .P .  ACCARDO et al. 
decrement han for SP gain (Pensiero, dell'Aquila, 
Inchingolo, Toschi, Accardo & Perissutti, 1989). 
Collewijn and Tamminga (1984) reported values close 
to 1 for stimulation up to 0.5 Hz. 
In newborns and infants, the ability to perform a 
visual tracking has been studied by evaluating the 
response to constant velocity stimulation (Krementizer 
et al., 1979; Shea & Aslin, 1990), because sinusoidal 
stimulation proved to be insufficient to attract the 
attention of the subjects (Aslin, 1981). Shea and Aslin 
(1990) concluded that smooth tracking can be generated 
after the second month of life, but its gain is very low 
and the response is not calibrated in comparison with 
the target velocity. On the contrary, the results of 
Krementizer et al. (1979) suggest bringing the onset 
of SPS response down to the first days of life. Probably, 
this discrepancy can be ascribed to the fact that, in the 
experiments of Krementizer, newborns used the opto- 
kinetic system as a response to smooth visual stimula- 
tion, as supposed by Shupert and Fuchs (1988), owing to 
both the large stimulus used and the foveal immaturity 
in newborns. 
Moreover, Shea and Aslin (1990) reported that pursuit 
gain increases until the age of 8 months; the SPS 
maturation after this age is unknown. In children of pre- 
school age Kowler and Martins (1982), using triangular 
stimulation, described a SP response similar to the one of 
adults, except for the predictive aspects (no anticipation 
of the change in direction of the target). 
Furthermore, to our knowledge, no data about SP 
characteristics in children of age ranging from 6 to 18 yr 
exist in the literature. In this report we present our data 
about the SP characteristics evaluated in children from 
7 to 12 yr, 7 yr being the minimum age in which a correct 
test can be done, in order to evaluate if at these ages the 
SPS has reached a maturation level similar to that of 
adults. 
MATERIALS AND METHODS 
The eye movements of 10 children (7 females and 
3 males), aged 7-12, and 10 adults (5 females and 5 
males), aged 30-38, who had neither efractive rror nor 
oculomotor disturbance, were recorded. 
Following a complete description of the procedures 
used in the study, informed consent was obtained for all 
subjects either directly (for adults) or from the subject's 
parents. 
The horizontal movements of both eyes, in binocular 
vision, were recorded by an infrared corneal reflec- 
tion technique using EIREMAI (Accardo, Busettini, 
Inchingolo, dell'Aquila, Pensiero & Perissutti, 1989), a 
device which can detect eye position with a resolution of 
about 5 rain arc, over a range of + 20 deg. The subject 
was seated in mesopic ondition, at the centre of a semi- 
circular, 1 m radius, LED array stimulator; the array 
was composed of 255 LEDs arranged on the horizontal 
plane, covering _+35 deg. The subject's head was sup- 
ported by a chin rest and immobilized by a forehead 
stripe. Furthermore, it was firmly pressed against the 
forehead rest by the attendant's hands. In this way 
the attendant was able to sense head movements, in the 
presence of which the test was cancelled. 
All subjects were asked to pursue for some cycles 
a target moving cosinusoidally (this choice renders the 
beginning of the tracking easier, especially at higher 
frequencies) with a + 8 deg amplitude at frequencies of 
0.2, 0.4, 0.8, 1.0 and 1.2 Hz. Using such a small ampli- 
tude, the eye movements can be easily performed without 
head motion. Just before each test, a calibration saccadic 
sequence (nine different positions in a range of __+ 16 deg, 
repeated twice) was recorded, by means of which we 
obtained a linearization curve used to compensate the 
non-linear relation between eye position and the detected 
signal. The duration of the whole experiment was 
approx. 5 min, so that the fatigue was insignificant. 
Moreover, high alertness was maintained by means 
of continuous incitement. In particular, throughout the 
tests all the subjects were instructed to actively track 
the target motion. Furthermore, children's motivation 
level was incremented making a promise of a recompense 
(sweetmeats). Some days before the experiment, all 
subjects were trained for saccadic tests so as to perform 
a correct calibration phase, while no SP stimulation was 
used. 
For each test, the eye position signals were filtered 
using a third-order Butterworth low-pass analogue filter 
with 50 Hz cut-off frequency. Afterwards, the signals 
were sampled at 250 Hz and stored on a floppy disk. 
In the first off-line procedure, the sampled signals were 
linearized by using for each subject his own non-linear 
characteristic. After digital compensation of the phase 
lag introduced by the analogue filter, the eye velocity was 
evaluated by digitally differentiating the eye position 
signal. Then, it was filtered by a zero-phase, third-order 
Butterworth low-pass digital filter with 11 Hz cut-off 
frequency, reducing the noise to < + 1 deg/sec. 
The SPS gain [velocity gain (VG)] and phase-shift 
[velocity phase (VP)] were evaluated from the smooth 
component of the velocity trace of each eye; the overall 
gain [position gain (PG)] and phase [position phase (PP)] 
due to the contribution of the SPS and the SS working 
together, were evaluated from the position trace. The VG 
and VP values were obtained by fitting, for each half-cycle 
of stimulation, the eye velocity with a trigonometrical 
curve (see Fig. 1). The curve fitting equation was 
f ( t  ) = A o + A,  * sin(27rft) + A 2 * cos(2zcft) 
with f being the target frequency and A0, A~ and 
A2 parameters evaluated with best-fit trigonometrical 
methods (Stoer, 1972). To properly evaluate only the 
smooth response, we got rid of saccades from the velocity 
signal before performing the data fitting. This effect was 
obtained by discarding those samples in which the eye 
acceleration was larger than a threshold fixed to about 
1.5 times the maximum target acceleration (i.e. about 
300 deg/sec 2 at 0.8 Hz). Then VG was calculated as a 
ratio between the best-fit curve and the target peak- 
velocity amplitudes; VP was evaluated as the difference 
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FIGURE 1. Examples of smooth tracking position (top) and velocity (bottom) responses, at 1 Hz frequency, performed by 
an adult (A) and a child (B). Dashed line, target; dotted line, eye response; continuous line (bottom), best-fit sinusoidal curve 
used to evaluate SP parameters. 
between the phase of the trigonometric curve and the 
phase of the target velocity. 
PG and PP were calculated from the position trace in a 
similar manner. At higher stimulation frequencies, when 
the shape of the position response was not similar to a 
cosine form, the PG was calculated, in each half-cycle, 
as the ratio between the peak-to-peak eye response and 
the peak-to-peak target position amplitudes. 
The statistical comparisons were based on the 
Student's t-test for paired observations. 
RESULTS 
Asymmetry 
For each adult, the leftward and rightward mean 
values of PG and VG (evaluated from all cycles but 
the first) were quite similar. The PG values in the two 
directions differed by < 30  from the maximum values 
in all subjects but one (who presented a 5% difference 
at 1.2 Hz). The VG differences in the two directions grew 
from 7% (up to 0.8 Hz) to 15% (at 1.2 Hz). 
542 A .P .  ACCARDO et al. 
TABLE 1. Mean values ( __+ 1 SD) of the position and velocity gains and phases at the five stimulation frequencies in adults and children 
Stimulation Peak Position Velocity Position Velocity 
frequency acceleration Position Velocity phase phase delay delay 
(Hz) (deg/sec 2) gain _+ 1 SD gain _+ 1 SD (deg) _+ I SD (deg) _+ 1 SD (msec) _+ 1 SD (msec) + 1 SD 
Children 
0.2 12.63 0.99 0.08 0.85 0.10 -3.11 2.58 -0 .97  2.68 -43  36 -13  37 
0.4 50.53 1.04 0.12 0.83 0.13 -0 .42  1.91 -0 .80  2.t2 -3  13 6 15 
0.8 202.13 0.90 0.10 0.56 0.19 0.06 4.48 2.33 3.03 0 16 8 11 
1.0 315.83 0.82 0.09 0.43 0.10 12.98 6.90 5.81 4.66 36 19 16 13 
1.1 454.79 0.66 0.08 0.30 0.12 28.18 8.12 10.70 3.12 65 19 25 7 
Adults 
0.2 12.63 0.98 0.03 0.95 0.07 - 1.94 1.09 - 1.46 2.08 -27  14 -20  29 
0.4 50.53 0.99 0.05 0.94 0.08 - 1.60 2.02 - 1.12 2.22 - 11 14 -8  15 
0.8 202.13 0.98 0.05 0.81 0.14 -0 .16  5.48 -0 .83  3.06 - 1 19 -3  I 1 
1.0 315.83 0.97 0.07 0.74 0.12 0.53 7.62 1.08 4.02 1 21 3 11 
1.2 454.79 0.87 0.20 0.61 0.22 7.13 8.79 4.17 4.38 17 20 10 10 
The position and velocity delays correspond to the position and velocity phase shifts according to the relation: delay = phase shift/ 
(0.36 * frequency). 
In children, the PG directional differences were < 5% 
for all frequencies, while the VG differences ranged 
between 10% and 23%, with the largest value at 1.0 Hz. 
The mean of the absolute values of the delay, 
corresponding to the phase shift differences between 
rightward and leftward directions, evaluated among the 
subjects for each frequency, ranged between 20 and 
50 msec for PP and 10-45 msec for VP in adults (lower 
values at higher frequencies). Among the children, the 
range was similar to the one in adults, with slightly larger 
PP and VP absolute values. 
However, though individual subjects exhibited 
some kind of directional predominance, no significant 
difference (P > 0.05) was found between rightward and 
leftward tracking mean parameters at any frequency of 
stimulation. 
Gain and phase mean values 
Since the directional asymmetry was absent in the 
mean among all subjects and in order to compare our 
results with the ones in the literature, the gains and the 
phase shifts were evaluated for each frequency, as the 
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mean values among all subjects. Only the cycles in which 
the ocular response was adequate were considered. We 
defined adequate, for each subject, the cycles in which 
VG was within + 1.5 SDs with respect o that subject's 
mean value obtained from all cycles of each test. Indeed, 
considering that normally in the literature the mean 
values of the parameters are available, we decided first 
of all to evaluate our mean data. But variability present 
in children's tests suggested that only the most frequent 
data should be considered, as SD allowed, rejecting 
those data clearly far from the mean. It is important to 
remark that only excellent recordings were considered 
and that the number of rejected cycles was very low. 
In Table 1 the mean values (+ 1 SD) of the four 
parameters are reported, together with the maximum 
acceleration corresponding to each frequency and the 
delays corresponding to the phase shifts [delay = phase 
shift/(frequency. 0.36)] in order to compare the eye 
responses at different stimulation frequencies. 
Figure 2, obtained from Table 1, shows that the 
velocity gain in adults was high below 0.4 Hz, then 
decreasing to 0.61 at 1.2 Hz. In children, the mean values 
of VG were always smaller than in adults with a more 
marked reduction at higher frequencies. 
The PG values were larger than the corresponding VG 
ones and showed a similar, but appreciably slower, de- 
creasing trend for increasing frequency, with differences 
between adults and children smaller than those seen for 
VG parameter. 
The PP and VP delays exhibited the same behaviour, 
going from a lead at 0.2Hz to a growing lag for 
increasing frequencies; thus, as the gain decreased the 
delay increased. The PP and VP in children showed 
larger absolute values than in adults at almost all the 
considered frequencies, with a wider range in children 
than in adults. 
The SD was quite appreciable and similar for the 
PG and VG values as well as for the PP and VP ones, 
showing a certain intersubject variability in both 
groups. 
Variability through the test 
Figure 1 (A, B) shows two examples of smooth track- 
ing at a 1 Hz stimulation frequency: in Fig. I(A) the 
tracking is performed by an adult, in Fig. I(B) by a child. 
The smooth response variability, present in Fig. I(B), was 
often detected also at the other stimulation frequencies 
causing evident gain fluctuations both throughout the 
test and in the two motion directions. 
The asymmetry of VG (rightward vs leftward) in a 
single cycle, present in some subjects, almost completely 
vanished by averaging over all subjects of each age group 
(Fig. 3). This fact enabled us to use the VG mean values 
of the two directions evaluated for each cycle in order to 
analyse the variability of the smooth pursuit response 
through the test, eliminating the influence of the 
asymmetry present in some subject responses. 
A similar remark was valid also for the three other 
parameters; thus, they were calculated in the same way 
as VG. The course of the four characteristics (evaluated 
as a mean over all subjects of each group) versus the 
cycles are shown in Figs 4 and 5 for the five frequencies 
of stimulation in children and adults, respectively. 
As it can be seen, PG and VG remain stable on 
average through each test, though children exhibit 
constantly lower absolute values and a more marked 
fluctuation than adults at all frequencies. 
In children, at the 1.2 Hz frequency, we observe a 
slight decrement of VG, an important reduction of PG 
and at the same time a very slight increment of the delays 
(PP and VP). In adults, at the same frequency, the only 
noticeable variation is a slight reduction of VG. 
The delay of velocity response in adults keeps itself 
in lead up to 0.8 Hz and does not exceed 14 msec of 
lag, even at 1.2 Hz. In children, the corresponding delay 
values are slightly higher than in adults (max. 15 msec), 
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with a slight increase at 1.2 Hz, as the cycle number 
increases. 
The behaviour of the position delay in adults is similar 
to the velocity one with a slightly larger lag (about 
7 msec) at 1.2 Hz and a larger lead at 0.2 and 0.4 Hz. In 
children, on the contrary, both lead at lower frequencies 
and lag at the higher ones are much greater than the 
corresponding adult position and velocity delays. It must 
be emphasized the presence of large fluctuations and 
differences between children and adults, especially at 1 
and 1.2 Hz, while at 0.8 and 0.4 Hz position delays are 
similar and at 0.2 Hz leads are even larger in children 
than in adults. 
DISCUSSION 
Asymmetry 
In normal adults the differences of VG values we found 
in the two directions (from 7% to 15%) are similar to 
those reported by Baloh et al. (1988), who found a 
13.7% difference for sinusoidal stimuli of _5deg at 
0.8 Hz. Also Meyer et al. (1985), using constant velocity 
stimulations up to 100deg/sec, referred to an 18% 
difference in their subjects. Our values in children are 
slightly higher than in adults. Just because no corre- 
sponding values exist in the literature, we conclude that 
differences within 23% can be considered in the normal 
range for children at these ages. 
Mean values and variability through the test 
In Fig. 6 our VG mean values and the corresponding 
ones available in the literature for sinusoidal stimulation 
with similar accelerations and frequencies are shown. 
It can be noted that our VG values in adults are very 
similar to those reported by other authors, except for 
Lisberger et al. (1981) and Minzhong et al. (1990). In 
order to justify those differences, it is appropriate to 
remember that Lisberger and Minzhong, who reported 
the highest VG values, used the EOG technique, certainly 
less accurate than the IR and search-coil methods used 
by the other authors. 
When children are considered, our VG values are 
clearly lower than those found in adults by all authors 
(Fig. 6). 
It should be remarked that each laboratory uses its 
own methods for calibrating and for evaluating all 
parameters: for this reason results from different labor- 
atories are often difficult to compare with each other. 
In spite of these considerations, the good correspondence 
of our results in adults (IR recording) with those obtained 
by other authors using the search-coil supports the 
validity of our data. Furthermore, since we used the 
same methods both in adults and children, we can con- 
clude that the differences measured between adults and 
children are real. 
With regard to velocity delays (Fig. 7), the values ob- 
tained in adults are always lower than the corresponding 
ones of the literature, with a similar trend for increasing 
frequency. For velocity delays, the influence of different 
recording methods and parameter evaluation must also 
be taken into account when a comparison is made. 
However, although the differences between our velocity 
delays and those found in the literature are significant, 
they are quite small, below 40 msec (except Minzhong), 
for frequencies up to 1.2 Hz. Furthermore, the differences 
between adults and children in our experiments are even 
smaller (max. 15 msec) at all frequencies (although sig- 
nificant, P < 0.02, at frequencies />0.8 Hz); the children 
always exhibited a slight phase lag. 
With regard to the differences between the adults and 
children recorded in our laboratory, Table 2 (obtained 
from data in Table 1) shows, for each parameter, the 
frequencies at which the differences are significant. 
Since the evaluated P-values could be incorrect due to 
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demonstrated that the phase shift increases as a function of the frequency of the target movement, but it is independent of
the amplitude of the target movement; hence we used the stimulation frequency rather than the peak acceleration i the abscissa. 
rejection of the values outside + 1.5 SD, the t-tests were 
repeated considering all the available data. The results 
were the same as those in Table 2 but for a difference 
between adults and children in the VP parameter at the 
0.8 Hz frequency. This difference was not significant. 
These data show significant differences in gain and 
phase mean values between adults and children. This 
fact can be mainly ascribed to three factors: 
(1) higher levels of fatigue in children; 
(2) different attention levels between the two 
groups; 
(3) different maturation levels of SPS by itself and 
of its interaction with SS. 
The influence of fatigue could be clearly noted as a 
monotonic decrement hroughout he test. For the 
position and velocity gains, this behaviour is present in 
children only at the 1.2 Hz stimulation frequency (Fig. 4). 
The phase shifts do not show significant and monotonic 
variations as the cycle number increases. 
On the contrary, the fluctuations observed through all 
the tests might depend mainly on the attention level, 
which appears to be less constant in children than in 
adults (see Fig. 1). In order to be sure that these 
TABLE 2. P-values and relative frequency ranges of the significant 
differences between adults and children in the mean values (Table 1) 
of the four parameters 
Differences are 
Parameter significant for P value 
Position gain Frequency >/0.8 Hz P < 0.05 
Velocity gain All frequencies P < 0.02 
Position phase Frequency t> 1.0 Hz P < 0.01 
Velocity phase Frequency /> 0.8 Hz P < 0.02 
fluctuations cannot be ascribed to a wrong interpretation 
of recordings, it is proper to choose only the parts of the 
test in which an adequate tracking is performed. To this 
purpose, criteria based on mean values and SD can be 
used, as done for example in this study (see Results). We 
have noted however that, rejecting the tracts that did not 
meet he above mentioned criteria, the mean values how 
only small variations (maximum 3% for PG and 7% for 
VG) in all subjects while, as obvious, variances decrease 
(up to 25%). 
To reduce as much as possible the influence of the 
attention levels on smooth tracking, for each subject we 
took into account only the single cycle in which the 
smooth response had the maximum VG; the parameters 
were then calculated on this single cycle, rather than 
as previously on the average obtained from all the valid 
cycles of the same test. In Fig. 8 the VG and the 
corresponding velocity delay values obtained with these 
two different methods in adults and children are com- 
pared; the trends are very similar, while the differences 
in both parameters remain. Therefore, it appears that 
differences between adults and children cannot be 
ascribed only to a different attention level: they could 
be also justified by an incomplete maturation of SPS 
in children. Tables 1 and 2 show a clear identity of PG 
values in adults and children at 0.2 and 0.4 Hz stimu- 
lation frequencies; on the contrary, the corresponding 
VG values present a significant difference, with lower 
values in children. These results suggest that a still 
deficient SPS response, but a good SPS-SS interaction, 
must be present in children. The high PG values suggest 
that, at low frequencies, attention has little influence 
on our ocular responses, because the global tracking is 
correct hanks to the intervention of SS. All the above 
considerations support he fact that the SS maturation 
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FIGURE 8. Mean (squares) and maximum (diamonds) values of velocity gains, with the corresponding velocity phases, in 
children (open symbols) and adults (solid symbols). 
is faster than the SPS one and the child uses the saccadic 
system to track moving targets more than the adult does. 
In a previous tudy of SS in children of the same ages 
(Accardo, Pensiero, da Pozzo & Perissutti, 1992) we 
found an almost complete maturation of this system at 
these ages. The present work confirms those results but 
also permits to hypothesize a slower maturation of the 
SPS. 
We tried to see if VG values changed with age, in the 
limited range of 7-12 yr of our children. As inferable 
from Fig. 9, at the lowest frequencies VG always presents 
high values and is independent of age. On the contrary, 
at the highest frequencies, an increment of PG with age 
appears, which is particularly evident at 1.2 Hz. How- 
ever, this trend needs to be confirmed in a larger sample 
of children. 
In conclusion, our results demonstrate that there are 
response differences between adults and children that can 
be justified both by high level psychological or cognitive 
factors (present even when the children are motivated 
and trying their best) and SPS immaturity. 
In the latter hypothesis, i.e. when SPS immaturity is 
important, the differences could be ascribed to an incom- 
plete maturation of the prediction mechanism certainly 
involved in our highly predictable sinusoidal stimula- 
tion. But, since the differences in velocity delays between 
the two groups are very small (<15 msec, Fig. 1) an 
almost complete predictor mechanism for smooth pur- 
suit can be supposed. This factor could have exercised a
minimal influence only at frequencies >0.8 Hz. 
In confirmation of the poor influence of prediction, we 
considered the gain only in the first half cycle, where the 
predictive mechanism is not totally activated. Compar- 
ing these gains in adults and in children (Fig. 10), we 
observed that the difference between the two groups was 
still present. 
With regard to the possibility that the differences 
between adults and children are due to psychological 
factors, we want to underline that an adequate control 
of such psychological variables is exceptionally difficult in 
this type of experiment. Therefore, our results suggest the 
opportunity of the implementation of new experimental 
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FIGURE 9. Velocity gain vs age of each children at the five frequencies. • 0.2 Hz; [] 0.4 Hz; • 0.8 Hz; 0 1.0 Hz; • 1.2 Hz. 
The mean values of each age are connected by a line, for each of the five frequencies. 
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FIGURE 10. Mean (open symbols) and first half-cycle (solid symbols) values of velocity gains in children (squares) and adults 
(diamonds). 
p rocedures  in wh ich  a much more  st r ingent  cont ro l  o f  
a t tent ion  and  mot ivat ion  is p resent  in o rder  to bet ter  
eva luate  the inf luence o f  these factors.  
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